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ABSTRACT 
We have  observed 19 Virgo  cluster  spiral  galaxies  with  the  Long  Wavelength  Spec- 
trometer  (LWS)  onboard ESAs Infrared  Space  Observatory ( E O )  obtaining  spectra 
around  the  [CII] 157.741 p m  fine structure  line.  These 19 galaxies  are  quiescent  in  star 
forming  activity  compared  to  previous  studies  from  airborne  observatories,  sample 
RC3  types 0 to 5 and  come  from  both  the  cluster  core  and  the  cluster  periphery.  The 
sample  enables us to  probe  any difference  in the  [CII]  emission  between  different  RC3 
types  or  between  core  and  periphery  galaxies. 

Fourteen of the  nineteen  galaxies  were  detected  in  the  [CII]  line.  Any  influence  of 
the  Virgo  cluster  environment  on  the [CII] emission  was  found  to  be  small  compared 
with  the  strong  dependence of the  line  emission  on  basic  measurables  such as mor- 
phology  or  bulk  mass of the  stellar  component, as measured by the  Near-IR  (K'-band) 
luminosity.  While  the  range of the  [CII]  to  FIR  ratio is  less than in  other  surveys 
(reflecting  the  fact  these  galaxies  are  relatively  quiescent),  there is a  good  correlation 
between  the  strength of the  [CII]  line  and  the  Far-IR  flux, as measured by IRAS. 

We  find a trend of increasing [ C I I ] - ~ ~ - F I R  flux  ratio  with  increasing  galaxy  late- 
ness,  Moreover,  the  [C~~]-to-K'-band  flux  ratio  shows a one  order of magnitude differ- 
ence  between  RC3  type 0 and  RC3  types  later  than 5. These  two  correlations  express 
the  relation  between  the  mechanism of the  [CII]  emission  and  the  massive  star  forma- 
tion  activity of the  galaxy. 

Key words: Galaxies:  clusters:  general - Galaxies:  general - Galaxies: ISM - Infrared: 
galaxies 

1 INTRODUCTION chosen for  several reasons: the high level  of comdeteness of - 
the VCC to BT 18; a t  the  distance  to  the cluster the typical 

the  angular resolution of ISO; the  distance of the  cluster was 
optimum for the  detection of dwarfgalaxies with ISOPHOT; 
and galaxies in the peripheral regions are  thought  to  be 
freshly  infalling  from the field (Tully k Shaya 1954) and 

The ISo (Kessler et '. Iw6) Guaranteed Time programme  angular sizes of the  [R  emitting regions are well matched to 
VIRGO (Volk et al. in prep) is a study of a complete volume- 
limited, unbiased sample of spiral,  irregular  and  BCD galax- 
ies from the Virgo cluster,  selected from the Virgo Cluster 
Catalogue  (VCC) of Binggeli et al. (1985), as described in 

and ISOCAM (Cesarsky  et al. 1996) instruments. 
et '. ( 1 9 9 7 ) p  using the ISoPHoT (Lemke et " 1996) therefore less representative of the  cluster environment, 

Selecting galaxies  from a cluster  represents the most 

of intrinsic  properties, embracing a large dynamic range in 
star-formation activity. In particular,  the Virgo cluster was 

While the VIRGO proposal is primarily photometric, 

ically. Various constrints limited observations to  the [C~I ]  
157.iLl1 prn  cooling  line. This line should probe photodis- 

convenient Of ensuring completeness in a wide variety we wished to observe Inany of  these galaxjes spectroscog 

* E-mail: kleech'0iso.vilupx.esa.es 

sociation regions, cf St,acey et at. (1'391), associated with 
nwssive star formation, and also the diffuse components of 
thc Irlterstellar Medium, e .g .  Nahgawa et al. (1'338). It has 
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beer1 observed not  only in “comp~wt“ regions of the Galaxy 
like HI1 regions, OB associations, reflection nebulae, and 
planetary nebulae, but also in “diffuse” regions, as well as 
for entire galaxies, e.g. Madden et al. (1993). [CII] emission 
is thought  to be the most important gas cooling process in 
normal, i.e. non-starburst,  late type galaxies, balancing the 
photoelectric heating from grains. 

While in  field galaxies the [CII] line has a luminosity 
o f  the order of  lo-” to  that of the  total FIR flux of a 
galaxy, e.g. Malhotra et al. (1997),  the Virgo sample galaxies 
are less active in star forming activity, even at  the  top end of 
the luminosity range observed. Indeed the need to get a deep 
sample embracing quiescent galaxies was the fundamental 
motivation for observing Virgo galaxies. 

At the distance of the Virgo cluster (taken  to be 21 
Mpc), the 70 arcsec diameter beam (Swinyard et al. 1998) 
of the LWS instrument  (Clegg et al. 1996) covers an  area 
of approximately 7 kpc in diameter - optical images of the 
Virgo galaxies by Sandage et al. (1985) indicate that  the 
LWS beam covers out  to  the observed spiral  arms. The ex- 
tended [CII] emission detected a t  this  distance in NGC 6946 
by Madden et al. (1993) accounted  for 70% of the  total [CII] 
emission. Observation of Virgo galaxies with LWS  will there- 
fore detect  not only [CII] emission from the dense nucleus 
but, assuming Virgo galaxies are similar to  NGC 6946, will 
primarily  sample the [CII] emission from diffuse regions in 
and between the spiral  arms. 

This  paper presents a preliminary  reduction, analysis 
and discussion of the [CII] data. Five VCC galaxies observed 
around  the [CII] line by Smith gi Madden (1997) are com- 
bined to produce a slightly larger sample. A further  paper 
(Pierini et al. 1999) discusses the [CII] data in more  detail 
and its relation to  other measures of the star-forming  activ- 
ity. Modelling of the relation between [CII] line emission and 
star formation history of the present  sample of galaxies is 
deferred to Pierini et al. in prep. 

2 SAMPLE  SELECTION  AND  OBSERVATIONS 

The criteria for selecting the VIRGO  sample galaxies are 
discussed in Volk et al. in prep. In particular, note  that in 
order  to provide a statistical check of the iduence of the 
cluster environment on the far-infrared  properties of galax- 
ies, the selection was made from two contrasting regions, i.e. 
cluster core and cluster periphery, cf. Boselli et al. (1997). 

LWS had the capability to  detect  the [CII] line in most 
of the spiral galaxies of the parent  VIRGO  sample, based on 
predictions from the IRXS  fluxes and  the average [CII] -line 
to FIR continuum ratios of late-type galkxies observed with 
KAO. Constraints on the available observing time, however, 
restricted us to  a  sample of 21 spirals earlier than Scd and 
complete  to B y *  = 12.3 mag. Of these 21 targets,  the in- 
teracting pair VCC 1673 - 1676 was not included because 
the LVVS beamwidrh was not able to  separate  the individ- 
ual emissions, and VCC 536 could not be observed as it was 
a target of another programme. The final 18 giant Virgo 
spirals nevertheless provide a  sample o f  relatively quiescent 
g;tlnxies i n  cornp;uison to other samples of normal spiral 
g;tIaxies st-lectcd for IS0 observations e.%. Malhotra et al. 
( 19!)7). 

011e other optically f;rirlt core gnhxy, VCC 1326, was 

observed to serve < a s  a cross-calibration target between the 
LWS me~asurernents and the ISOPHOT measurenlents of the 
lcarger VIRGO programme. VCC 1326 is in some respects an 
atypical VCC gdaxy as i t  is faint in the optical and yet is 
bright, in the IR, so c o ~ ~ l d  be detected by  LWS  <and PHOT. 
It was therefore selected to provide a useful photometric 
cornparison between the LWS rr~easuremerlts and the PHOT 
measurements of  Volk et al. 

Information on all these galaxies is  given  in Table 1, to- 
gether with the positions of reference fields to check for fore- 
ground [Crr]  emission from the Milky  Way (denoted VBACK 
in the following tables and figures). 

The observing log is given in Table 2. All observations 
carried out were standard LWS grating range  scans (AOT 
2’s).  Sets of observations were used to observe several galax- 
ies in sequence (in IS0 terminology, the observations were 
concatenated), with one sky background position used for 
each set.  The observation set  number is  indicated in the. 
table. All observations were made between 30th June and 
15’h July 1996 with no instrumental  or satellite problems 
reported. 

The performance of the LWS instrument is given in 
Clegg et al. (1996), in the ISOLWS Data Users Manual 
(Trams  et al. 1998) and also in Swinyard et al. (1998). For 
the purpose of this paper, the most important  instrumental 
characteristics to note are  that  at wavelengths around the 
[CII] line its spectral resolution is  approximately 0.6 pm, or 
1100 km/s,  and  that  the  instrumental beam profile is gaus- 
sian  with a FWHM of approximately 70 arcsec. 

3 DATA  REDUCTION  AND  RESULTS 

3.1 Data Reduction 

The  Auto Analysis Results from Off-Line Processing (OLP) 
version 7 were processed further using the I S 0  Spectral 
Analysis Package (ISAP) version 1.6 by: reading data in; 
discarding bad LWS data  points; averaging scans for de- 
tector 8 (the one covering the 158 pm region); and finally 
fitting  continua and gaussians to any  lines seen in the  data 
to  obtain flux and central wavelength. 

3.2 Results 

Of the 19 galaxies observed, 14 were detected. Of the six 
background positions used, four  had no detectable emission 
at galactic [CII] wavelengths, one has a possible detection 
and one was repointed to VCC 873, confirming the line flux 
and wavelength for that galaxy (it  appears as the second 
VCC 873 observation in Tables 2 and 4) .  In the one possible 
background detection, the first observation  on VBACK12, 
the line strength is very poorly determined  and the linewidth 
is smaller than the instrumental resolution (a  FWHkl 200 
km/s  ag ins t  an instrun~ental resolution of 1100 km/s) lead- 
ing LIS to conclutle tha t  i t  is probably a noise  spike we are 
seeing. In three galaxy observations (VCC 11 10, 1326 and 
1972) galactic [CII] emission was observed, and in all such 
cases w<as measured and  noted. In all three cases the data 
were fit with  a line at, the wavelcngtl~ of galactic [CII] and 
onc‘ at the expected posit.iorl of thc Virgo [CII] emission. 

Line fluxes, central wavelengths arld continuum fluxes 
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Table 1. Sample galnrres and potltlurts o/  selected  reJerence  f ields.  

Target Alternate 
name 

vcc 66  NCC  4178 
VCC 92 NGC 4192.M98 
VCC 460  NGC  4293 
VCC 857  NGC  4394 
VCC 873  NGC  4402 
VCC 1003  NGC  4429 
VCC 1043  NGC  4438 
VCC 1110 NGC  4450 
VCC 1158  NGC  4461 
VCC 1253  NGC  4477 
VCC 1326  NGC  4491 
VCC 1412  NGC  4503 
VCC 1690  NGC  4569,b190 
VCC 1727 NGC  4579 
VCC 1813  NGC  4596 
VCC 1869  NGC  4608 
VCC  1972  NGC  4647 
VCC 1987  NGC  4654 
VCC 2070  NGC  4698 
VBACKOl 
VBACK03 
VBACKO4 
VBACK12 
VBACKl3 

R A  (.JZOOO) 

12 12 46.9 
12 13 48.4 
12  21 13.2 
12 25 56.0 
12 26  06.8 
12 27  26.2 
12 27 45.7 
12  28  29.5 
12 29  03.0 
12 30 02.9 
12 30 57.2 
12  32  05.5 
12 36 49.9 
12 37 43.5 
12 39 56.3 
12 41 13.6 
12 43  32.4 
12  43 57.2 
12  48 23.2 
12 13 30.9 
12  13  52.4 
12  25  05.9 
12 43 08.5 
12  48 14.5 

~~ 

DEC (JZOOO) Core or 60 pm 
Periphery flux (Jy) 

10 52 07.0 P 2.8 
14 54 07.2 P 6.5 
18 23  03.6 P 4.6 
18 12 47.6 P 1 .o 
13 06 47.6 C 5.4 
1 1  06  30.3 C 1 .4 
13 00 30.4 C 3.7 
17 05 06.8 P 1.4 
13 1 1  07.1 C <0.2 
13 38 07.7 C 0.5 
1 1  29  02.1 C 2.8 
1 1  10 38.8 C <0.2 
13 09 53.8 C 8.8 
1 1  49  06.4 C 4.9 
10 10 38.0 P 0.4 
10 09 14.9 P <0.2 
11 34 46.7 P 4.9 
13  07 35.1 P 13.4 
8 29  14.9 P <0.2 
15 30 47.2 
8 29  12.2 
17 43 52.1 
9 47 34.4 
12  58  38.7 

~~ ~~ 

100 pm By. vcc RC3 
~ ~~ 

flux (Jy)  Type number 

9.0 1 1 . 0  . SBc 5 
21.5 10.9 Sb: 3 
10.6 11.2 Sa pec 1 
4.3 11.8 SBb 3 

17.4 12.6 s c  5 
4.3 1 1 . 1  SOfSapec 0 

13.1 10.9 Sb(tides) 3 
7.6 10.9 Sab  pec 2 

<0.8 12.1 Sa 1 
1.0 11.3 SBO/SBa 0 
3.3 13.4 SBa 1 
1.0 12.1 S a  I 

25.0 10.2 Sab 2 
19.6 10.6 Sab 2 
1.0 11.5 SBa 1 

C0.5 12.0 SBO/a 0 
15.9 12.0 sc  5 
33.4 11.1 SBc 5 

1.6 11.5 Sa 1 

are given in Table 4. The  errors quoted for the line and 
continuum fluxes are  statistical, based  on the ISAP results 
and  do not include any  errors  due  to, e.g., memory effects or 
absolute flux calibration errors, an indication of which can 
be found in Swinyard et al. (1998). A better guide to  the flux 
errors  can be obtained by comparing the two observations 
of VCC 873. The line fluxes agree to within the derived 
errors whereas the continuum fluxes differ by 15%. In cases 
where two gaussians are fit to a blended line the ISAP fitting 
routine does not produce an error estimate. In these cases 
the errors  can be estimated by looking at similar flux cases 
where an error is quoted,  and from this we estimate  the 
errors to  be of the  order of 2 x loe2' W/cm2. 

The continuum is quoted without subtracting any fore- 
ground emission from galactic emission. Given the wide 
variation in detected foreground continuum emission at  the 
wavelength of [CII] (see VBACK observations in Table 4) 
and  the fact the observed continuum emission  from  Virgo 
galaxies with detected [CII] emission is several times higher 
than any detected foreground continuum we have presented 
the  data without any foreground continuum subtraction. 
Also note that  the lines have not been resolved - linewidths 
<are identical to the  instrumental resolution. 

Upper limits to the line fluxes are given  for cases where 
no [CII] line w r u  detected  at  the expected wavelength. These 
upper limits were derived from calculating the excess  flux 
in a box  of width 1 LOO km/s  compared to the rest of the 
data range. The upper limit wm set to be three times the 
star1tI;rrd deviation of this excess flux rl', the box was moved 
over the data range. 

@ l ! J W  RXS. LINRXS 000. 1-6 

The [CII] line wavelength region for all galaxies and 
background positions are shown in figures 5 and 6 .  In both 
figures the baselines used during  plotting  are  arbitrary, with 
the observed continuum levels given in Table 4. A few  of 
the observations suffer from memory effects that cause the 
first few short-wavelength datapoints  to  be systematically 
lower than the continuum. These points were not used when 
deriving the line or continuum fluxes. 

There is no difference, to within our measurement er- 
rors, between the velocities determined from optical data 
and those that can be determined from these [CII] measure- 
ments. The mean of the difference between the expected 
wavelength of the [CII] line and  its observed wavelength is 
-0.01 pm, with a standard deviation of 0.03 pm, both sig- 
nificantly less than  the LWS instrumental resolution of 0.6 
Clm. 

4 DISCUSSION 

As already said in the Introduction,  our sample of 19 VCC 
late  type galaxies is  biased toward low current  star formation 
activity galaxies. In order  to increase the r<ulge in current SF 
activity, we add 5 low mass VCC gdaxies observed by Smith 
S: Madden (1997). A summary of the  import<ult information 
of these gdaxies is  given  in Table 3. 

4.1 The [CII] flux  agairlst  FIR Hux 

Figure 1 shows the relation between the [CII] flux and the 
FIR flux froul IRI\S rneasurernents given by F I R  = 1.26 x 
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Tabln 3. G d n r i e s  observed b y  Smith d Madden and odded t o  this s a m p l e  

Table 2. Observing log. 

Target 
name 

vcc 89 
VCC 187 
VCC 465 
VCC  491 
VCC 1516 

Alternate RC3 [C I t ]  Line 60 p m  LOO plrl 

name type flux Rux(Jy) flux( Jy) 
W/cm2 

NGC 4189 5 9.1 f o . Y ~ l O - ~ ~  3.6 9. I 
NGC 4222 7 4 . 5 f  O . ~ X L O - ~ ~  1.1 3.3 
NGC 4294 5 8.4 f 0 . 9 x 1 0 - ~ ~  3.0  5.5 
NGC 4299 6 6.8f 0 . 9 ~ 1 0 - ~ ~  2.7  4.7 
NGC 4522 5 8.1 f 0 . 9 ~ 1 0 ~ ~ ~  1.6 4.7 

Target Date Observation  Observing 
Observed  set  time (s) 

VCC 66 
VCC 92 
vcc 460 
VCC 857 
VCC 873 
VCC 873' 
VCC 1003 
VCC 1043 
vcc 1110 
VCC 1158 
VCC 1253 
VCC 1326 
vcc 1412 
VCC 1690 
VCC 1727 
VCC 1813 
VCC 1869 
VCC 1972 
VCC 1987 
VCC 2070 
VBACKOl 
VBACK03 
VBACKO4 
VBACK12-1 
VBACK12-2 
VBACK13 

12  July 
9 July 
8 July 
8 July 
4 July 
4 July 
5 July 
5 July 
8 July 
4 July 
4 July 
5 July 
5 July 
5 July 
15 July 
15 July 
15 July 
15 July 
30  June 
15 July 
9 July 
12 July 
8 July 
15 July 
15 July 

8 
1 
2 
2 
4 
4 
5 
4 
2 
4 
4 
5 
5 
4 
6 
6 
6 
6 
3 
7 
1 
8 
2 
6 
7 

870 
862 
860 
860 
862 

1054 
860 
862 
862 
862 
862 

1054 
862 
861 
870 
870 
870 
870 
862 
870 
860 

1064 
1054 
1064 
1064 

30  June 3 1054 

Note: 
1 .  This was a repointed  observation. 

lO"'(2.58 x FV(60pm) + F,(lOOprn))W~rn-~ (Helou et al. 
1988). Despite the spatial mismatch between the LWS 70 
arcsec  diameter circular aperture  and  the larger IRAS square 
apertures, there is a good correlation between these observed 
quantities within the approximately two orders of magnitude 
range in both observable quantities. We note that all the 
upper limits in the  [CII] flux are found at  the faint end of 
the FIR emission (i.e. at log FIR < -17.5). 

When [CII] is detected,  the  [CII]  to FIR ratio ranges 
from 0.1% to 0.5%. This covers the ranges expected for com- 
pact sources (0.2%), such ZLY active  star-forming regions, to 
the diffuse component on the ISM (0.6%) ( N h g a w a  et al. 
1998). (::ataxies observed by Stacey et al. (1991) cover the 
range 0.15 - 0.6%, and in NGC 5713 the ratio is 0.7% (Lord 
et al. 19'36). 

The tendency for the [CII] to FIR correlation to flatten 
off with increasing brightness, as observed by Stacey et al. 
(1991) for a sample embracing starburst  and ultraluminous 
galaxies, is not  apparent for the relatively quiescent Virgo 
sample. Moreover we observe that  the low mass galaxies of 
Smith 8i Madden (1997) have higher [CII] fluxes than  the 
quiescent galaxies in all ci~ses. 

4.2 Comparison with  dust temperature 

Figure 2 shows the [CII] to FIR ratio against the dust tem- 
perature, as measured by the  ratio of the IRAS flux densities 
a t  60 and 100 p n .  The [CII]/FIR ratio is highest for galaxies 
with a 60 to 100 ratio of about 0.3 - 0.5, cf. Malhotra et al. 
( 1997). 

Of interest in this plot VCC 1326 with 60/100 of 0.85 
but ar. apparently anomalously low [CII]/FIR  ratio of 0.09%. 
Moreover, there is the possibility that  the [CII] emission from 
VCC 1326 is confused with that from galactic foreground 
emission, making the [CII]/FIR ratio even  lower. This obser- 
vation, however, is one of the few where we deconvolved the 
Virgo galaxy [CII] emission from galactic emission, and  its 
[CII] emission is several times that  the average foreground. 
We therefore do not expect the measurement to be  signif- 
icantly contaminated by galactic [CII] emission. This low 
[CII]/FIR  ratio is extreme for our sample, but is within the 
range of observed values in Pvialhotra et al. (1997) - note 
however that  the galaxies in their  sample at such high val- 
ues of 60/100 are probably starburst galaxies. VCC 1326 is 
the faintest galaxy in our  sample,  with  a B,r magnitude of 
13.4, but as we noted in section 2 it is a somewhat atypical 
VCC galaxy being IR bright. Interestingly, it has enhanced 
X-ray emission with respect to  the hot lntracluster Medium 
(Ohashi si Kikuchi 1997). Why this galaxy lives in an oth- 
erwise unpopulated region of this diagam is unknown un- 
less it is a stcarburst galaxy - optical spectroscopy will be 
needed to determine this. However, from the comparison of 
the K'-band image (Boselli et al. 1997) and  the H a  image 
(Hippelein et al. in prep) we note that  the L ~ I I I ~ I I  emission 
is centrally pe<&ed. 

4.3 [CHI and rIlorphologic>Il type  

Figllre 3 shows the  [CII]/FIR ratio against RC:I type. Ignor- 
ing t . l w  upper limits, therc is lnarkctl rliffcrcnce  betwcen the 
r;lt,io for RC:I types 0 - 3 against RC9 t,ypcs later t l r a n  5 ,  
(>al;rxics wllich have higher continuurn mltl line brightness 

@ I!)!)?) f{hS, hlNRz\S 000, 1-6 
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Figure 1. [CII]  flux  against FIR flux. Error bars are marked in the  vertical, where  they  are  larger  than the  symbol  size,  and  upper  limits 
are  marked.  Core  galaxies are marked by ‘a’ ,  periphery by ‘+’ and  galaxies from Smith k Madden by diamonds. 

tend  to have later Hubble types. Since massive star forma- 
tion  activity increases with increasing lateness, e.g. Kenni- 
cutt  et al. (1994). we interprPt this correlation as a proof in 
favour of the model of gas-heating produced by the photo- 
electric effect on dust grains, induced by hard UV photons 
from intermediate mass ( 5  5 M _< 20 Mo) stars - cf. Tielens 
8i Hollenbach ( 1985) and Pierini et ai. (1999). 

If the [CII] flux is normalised by K’-band ( X  = 2.1 mi- 
cron) flux, a measure of the  number of old stars in the galaxy 
which constitute the bulk of the stellar mass component,  this 
difference with RC3 type is even more pronounced, as can 
be seen from  figure 1. This mass-normalization removes  sim- 
ple scaling effects in the relation between the [CII] and  the 
K’-band luminosities (not shown). 

Conversely, there is  no apparent relation between the 
[CII] line properties and position in the cluster from  figures 
1, 2, 3 and 4. Neither is there evidence for a relation be- 
tween the  [CII] line properties and HI mass surface density, 
from Warmels (19#%), i n  the  galaxian disks. Therefore, any 
relation of the [CII] emission to  the diffuse H I  component of 
the ISM is not obvious. at least for the central regions of the 
disks observed. 

5 CONCLUSION 

We have observed nineteen Virgo cluster  member late  type 
galaxies with the LWS spectrometer onboard the IS0  satel- 
lite around  the [CII] fine structure line, detecting [CII] emis- 
sion in fourteen of these. A good correlation is found be- 
tween the  strength of the [CII] and  the FIR flux. Moreover, 
we find evidence for a dependance of the  [CII]-~O-FIR flux 
ratio on the galaxy morphology, with the [CII]/FIR ratio 
increasing with later Hubble types. A stronger correlation 
with lateness is found for the  [C~~]-to-K’-band flux ratio, 
the K‘ flux representing the bulk of the stellar mass content 
of the galaxy. Since lateness is correlated  to massive star 
formation activity, we interpret these two relations as evi- 
dence of the model of gas heating  through the photoelectric 
effect on dust grains, induced from hard UV emission from 
intermediate mass stars. 

Finally, we End that one galaxy, VCC 13?6, lies in the 
region of the [CI!]/FIR vs. SO/ lOO plane populated by star- 
burst galaxies. 
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periphery by '+' and  galaxies  from Smith & Madden by diamonds. 
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Figure 5. Virgo  galaxy  observations. The baselines are arbitrary  but can be  derived from Table 4. The  expected  position of the [CII] 
emission  line is marked  by an  arrow. 
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of the [CII] emission  line is marked by an arrow. 
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C I1 158 pm observations of Virgo  cluster  galaxies I1 

Table 4. Obrervation Resultr 

Target Continuum Line Line Line Note 
name flux F W H h4 flux Wavelength 

W fcm2 f pm km f s  W f cm’ pm 

VCC 66 
VCC 92 
VCC 460 
vcc 857 
vcc 873 
vcc 873‘ 
VCC 1003 
VCC 1043 
vcc 1110 

VCC 1158 
VCC 1253 
VCC 1326 

VCC 1412 
VCC 1690 
VCC 1727 
VCC 1813 
VCC 1869 
VCC 1972 

VCC 1987 
VCC 2070 
VBACKOl 
VBACKO3 
VBACKO4 
VBACK12-12 
VBACK12-2 
VBACKl3 

6.7 f 0.2 x 
1.73 f 0 . 0 2 ~  1 0 - l ~  
1 . 1 6 f 0 . 0 1 ~ 1 0 ” ~  
6.42 f 0 . 0 8 ~  IO-’’ 
2.10f 0 . 0 2 ~ 1 0 - ~ ~  
1 . 8 o f   0 . 0 2 ~ 1 0 - ~ ~  

1 . n f  o . 0 1 ~ 1 0 - l ~  
5.0 f 0.1 x 

7.1 f 0.1 x 

2.3 f 0 . 0 ~  
2.3 f O . O X I O - ~ ~  
3.9 f 0.2 x 10-20 

2.6 f 0 . 0 ~  
2.56 f 0 . 0 2 ~  10-19 
1 . 2 3 f   0 . 0 2 ~ 1 0 - ~ ~  

4 . 9 f  o.ox10-21 
3.1 f O . O X ~ O - ~ ~  

2 . 3 9 f 0 . 0 4 ~ 1 0 - ~ ~  

2 . 9 7 f   0 . 0 4 ~ 1 0 - ; ~  

2.19 f O . O X I O - ~ ~  
4.5 f 0.1 x 10-2c 

-1.8 f o.ox10-2’ 
2 . 0 f  0.0x10-~0 
1.5 f 0.4X10-21 
1 . 3 f 0 . 0 ~ 1 0 - ~ ~  
7.1 f 0 . 0 ~  

I100 
1000 
1100 
1000 
1000 
1000 
1 000 
1200 
1100 
400 

1100 
700 

1200 
1200 

1100 
400 

1100 
1100 

200 

7.8 f 0 . 3 ~  
8.8 f 0.4X IO-” 
2.7 f 0 . 3 ~  

1.76 f 0 . 0 4 ~  
1.71 f 0 . 0 4 ~ 1 0 - ~ ~  
1.4 f 0 . 2 ~ 1 0 - ~ ~  

1.4 f 0.2x10-20 

8.2 f 0.2x 10-20 
2.1x10-20 

< 2 x 1 0 4 0  
1 . 7 7 ~ 1 0 - ~ ~  

< 1 . 6 ~ 1 0 - ~ ~  
1 . 3 ~  

< 1 . 3 ~  
1.51 f 0 . 0 4 ~  
7.8 f 0 . 3 ~  

5.0X10-21 

< 2x 10-20 
< 6 x  IO-” 
1 . 9 ~ 1 0 - ~ ~  
3 . 7 ~ 1 0 - ~ ~  

1.3 f 0 . 2 ~ 1 0 - ~ ~  
2.84 f 0 . 0 7 ~  

< 5 x 10-21 
< 1.0 x 10-20 

3 f 2x10-2’ 
< 7 x 10-2’ 

< 6 x 

< 2.5 x 

157.943 f 0.008 
157.653 f 0.008 
158.18 f 0.02 
158.23 f 0.02 

157.849 f 0.004 
157.866 f 0.004 
158.34 f 0.02 

157.805 f 0.005 
158.83 f 0.06 
157.94 f 0.04 

158.1 f 0.3 
157.741 

157.676 f 0.005 
158.531 f 0.008 

158.5 f 0.2 
157.7 f 0.4 

158.289 f 0.004 
158.18 f 0.03 

157.78 f 0.02 

Notes: 
1. This was a repointed observation. 

2. This is probably a noise  spike - see section 3.2 
g galactic [CUI emission. 
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